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Abstract. In the last years the price of energy from conventional fuels increased and in the same time 
the price of agricultural products decreased. The farmer’s interest for energy production from agricultural source 
increased. For this reason the vegetable waste, the agricultural secondary products, the primary agricultural 
products like rape or sun flowers, animals manure and not in the last time short rotation crop become possible 
renewable energy sources for farmers. In this paper is presented the Romania’s potential of main energetic crops 
and the conversion technology to obtain renewable energy for cover energetic needs in agricultural farms. 
 
INTRODUCTION 
 
In the last century the solid fuels – biomass (mostly wood) was the principle fuels used 
for energy production. After the 1800 years, the peoples began to use conventional fuel 
(mostly coal) for a variety of reasons. For example, the coal was plentiful and could be 
obtained more cheaply, denser and it can be stored and transport more easy then solid 
biomass. In the last years a number of technical and social factors have changed and peoples 
are oriented toward wood and other forms of biomass. The main factors are the increase of 
conventional fuels price, contamination of air and water by the sulphur or CO2.  
The solution
 
for replacing the conventional fuels in the agricultural farms is renewable 
energy sources, mainly biomass. On the other hand the biomass can be obtained on a 
renewable basis with actual improvement of the land. The biomass production can be a source 
of energy and a source of revenues for land improvement. 
In the agricultural farms a good solution for energy produce are: the agricultural 
secondary products - vegetable waste, energetic crops or the field crops for energy purposes 
because the techniques for planting and harvesting field crops for energy purposes are similar 
to those used for agriculture and forestry. 
  
THE ROMANIAN’S POTENTIAL OF ENERGETIC CROPS 
 
In the last decades many research have been done directed to biomass production for 
energy purposes. There was introduced a new term “energy farming” which means the 
production or subsidiary products of agriculture, silviculture, aquaculture, and also of 
industrial or social activities that produce organic waste residues (e.g. food processing, 
urban refuse). So, for agricultural farms in our country, the main potential source of 
renewable energy is biomass, which is the biodegradable fraction of products, waste and 
residues from agriculture (including vegetal and animal substances), forestry and related 
industries, as well as the biodegradable fraction of industrial and municipal waste. In the 
present in Romania the agricultural biomass is available mainly in the plains, and possibly 
in the Danube Delta.  
Taking into consideration all vegetal agricultural waste the estimated overall energy 
potential of these waste was 100,210,752 GJ in 1999. Regarding the crop production 
structure, area under grain cereals has the highest share (66%). The rest of surfaces are 
under fodder crops (14%) and technical (industrial) crops (13%). Taken together, these 
groups account for 93% of the entire cultivated area. This reflects the poor diversification 
of agricultural crops, requiring measures for the enlargement of agricultural crops, 
especially of those incorporating a high rate of technicality. So, the main source of 
agricultural waste is grain cereals crop: wheat, rice, barley and two – row barley, oats, 
maize and rye. In the case of these cereals and under condition from our country the 
primary products are grain uses for human and animal food, and the secondary products 
are straw or stalk. Other important sources of agricultural secondary products are fruit trees 
and wine twigs. The secondary products can be uses for electrical or thermal energy 
generation. The Romania’s potential of energy obtains from secondary products are 
showed in table 1. 
 
Table 1.  The Romania’s potential of energy obtains from secondary products in 2003.  
Agriculture products Cultivated area 
[103 ha] 
Average yield / 
hectare [kg] 
Crop production 
[103 tones] 
Energy 
potential [GJ] 
Wheat and rye 1748,0 1428 2496.4 30,010,447 
Barley and two–row 
barley 
329.6 1641 540.8 8,112,000 
Oats 242.3 1334 323.1 4,846,500 
Maize 3199.6 2993 9577.0 87,436,800 
Rice  0.1 2410 0.3 39,000 
Fruit trees - - - 805,900 
Wine twigs 233.3 - - 3,768,240 
    
The “energetic crops” are defined rather broadly as any non-timber crop grown for 
energy purposes. This species would normally be harvested annually or more frequently. In 
the Romanian’s natural conditions the mainly options for energetic crops are:  annual 
plantation crops like sweet-sorghum, potatoes, sugar beets, corn for silage and oil crop and 
perennial crops like short rotation woody crop – willow and poplar. 
Annual plantation crop: under the natural condition from our country, for farmers a 
good opportunity for produce themselves the energy necessary in the farm is sweet-sorghum, 
potatoes, sugar beets, corn for silage, oil crop, grasses like lucerne and clover.  
Sweet-sorghum: in Romania, sweet sorghum is known from previous centuries, but the 
crops have been extended on larger areas, beginning with the first half of the twentieth 
century. Under irrigated conditions (the water being the limiting factor for agricultural 
productivities on Romania's territory) have resulted productivities till 100 tons fresh mass/ha, 
for the sweet sorghum harvested in milking maturity (29-36 t dry matter/ha)5. 
Sugar beet: (135.9-200.2 x 103 ha) is an agricultural crop which finds good conditions 
for development in Romania's agricultural zones. It’s cultivated on the large areas in the plans 
area. The potential production is of 30-40 t roots/ha under non-irrigated conditions and 50-70 
t/ha under irrigation. By industrialization it results also the molasses - in average 4-5% from 
the weight of the processed sugar-beet and containing about 50% saccharine5. The molasses is 
turned to good account in the food industry and of alcoholic production. Sugar beet is likely 
to be preferred among non-cellulosic crop for alcohol production because the carbohydrate is 
in an immediately fermentable form, whereas the starchy crops like potato do not offer better 
yields and yet require hydrolysis as an extra process step.  
The potato: is an important crop for Romania's agriculture. Its uses like food and forage. 
In the last years, the potato crop has occupied 219-337 thou ha, concentrated especially in the 
zones with humid and coolness climate. The calorific value of potatoes is 16.49 MJ/kg. In 
starch and alcohol industry, from one ton on tubers we can get, in average, 140 kg starch and 
100 kg dextrin, or 35 l alcohol5. 
The corn for silage: is other important source of the energy from anaerobic digestion. It 
can be used like a substrate in the biogas plant. In our country the areas cultivated with corn 
for silage in 2003 is about 35,5 thou hectare and the productivity was 13977 kg/hectare. 
Oil crop: under Romanian’s natural condition the mainly the sunflower, the rape, the oil 
flax and soybean. The oil obtain from this plants can be uses like biofuels for cars. From 
rapeseed oil the oil productivity is about 1350 l/ha and calorific value of biodiesel is about 30 
– 40 MJ/l.   
The Lucerne or clover: is probably the best option to obtain energy from agriculture, 
because the natural condition from our country is favorable for these crops and the cost 
cultivation and harvesting is more less then other similar crops. The output gross energy 
obtains uses clover and Lucerne is about 275 GJ/ha/yr6.  
Consequently, annual plantation crops have no advantage in the production of feedstock 
for direct combustion, gasification or pyrolysis. These crops may be desirable mainly for 
alcohol production, where the dry matter must comprise or be convertible to fermentable 
carbohydrate.  
The Romania’s potential of energy obtains from annual crop are showed in table 2. 
Table 2.  The Romania’s potential of energy obtains from annual plantation crop in 2003 years.  
Annual plantation crop Cultivated 
area 
[103 ha] 
Average yield / 
hectare [kg] 
Crop production 
[103 tones] 
Energy potential 
[GJ] 
Sweet-sorghum 6.9 722 5 70,000 
Sugar beet 45.2 16916 764.5 13,351,650 
Potato  247.5 13995 3568.3 58,841,267 
Corn for silage 38.5 13977 545.7 6,548,400 
Sunflower 1188.0 1268 1506.4 23,650,480 
Rape 17.1 473 8.1 761,805 
Oil flax 1.6 910 1.5 71,280 
Soybean 128.8 1746 224.9 5,738,08 
Clover 142.0 17025 2421.3 665,857 
Lucerne 367.4 19669 7237.5 101,035,000 
 Other energetic sources for farmers can be tree species with high growth rates 
considerate perennial crops. So, in order to obtain sustained high yields of energy feedstock, it 
is necessary to concentrate on tree species with high growth rates and on early stage of growth 
when the rate is highest, most interest lies in short rotation forestry. Under Romanian’s 
natural condition optimum tree species are poplar and willow. These yields are essential to 
profitability, through at the highest limits of production, costs and energy balances may 
become unfavorable. Fertilization is essential to obtain adequate yields and is a major factor 
in management costs and energy input calculation. Therefore low-cost fertilization using 
nitrogenous wastes could be attractive if the situation allows it. This would introduce an add-
on benefit from waste disposal that could tip the balance to economic feasibility. 
 
CONVERSION METHODS OF ENERGETIC CROPS 
 
The main conversion methods of energetic crops in our country are: biological 
conversion – anaerobic digestion and fermentation and thermal conversion – direct 
combustion, gasification and pyrolysis. The energetic content, moisture content and 
chemical composition involve the conversion methods. For the energetic crops with 
moisture content more then 50 % the biological conversion is desirable. The thermal 
conversion like direct combustion can be us only for dry energetic crops. Usually this 
methods is used for dry energetic crops with moisture content less then 20 %) and high 
energetic content. The structure of conversion methods for different types of raw biomass 
is presented in table 3. 
 
Table 3. The main conversion methods of Romanian’s energetic crops. 
Type of energetic crops Conversion methods Products 
Green crops (grasses, maize for 
silage) Anaerobic digestion Methane gas 
Dry biomass – straw, husk, rice, 
grass. Thermal Heat, gas, liquid fuels 
Short rotation trees (dry matter) Thermal Heat, charcoal, gas 
Sugar beet, potatoes  Fermentation Ethanol, Methanol 
Surplus: grain Fermentation Ethanol, Methanol 
Surplus: sugar Fermentation Ethanol, Methanol 
 
Anaerobic digestion: is a 
process whereby organic 
waste is broken down in a 
controlled, oxygen free 
environment by bacteria 
naturally occurring in the 
waste material (fig.1). The 
conditions necessary for 
biological degradation are 
created which allows for the 
production of biogas, a 
mixture of methane and 
carbon dioxide. This can 
then be used as a fuel. The 
methane is generally burnt 
on site for heating or to 
produce electricity on a 
small scale. The digester 
will require an energy input 
to retain the material at 
elevated temperatures 
(between 20 and 40°C - the mesophilic range, or up to 60°C - the thermophilic range) in order 
to speed digestion. Some of the energy available from the methane generated can be recycled 
for this purpose, typically 20-40% of the total energy produced. Alternatively the process can 
produce solid fuel, a fibre product for board manufacture, or more commonly the residue is 
used as a soil conditioner.  
Fermentation: is a process that is important in anaerobic conditions when there is no 
oxidative phosphorylation to maintain the production of ATP (Adenosine triphosphate) by 
glycolysis. Alcoholic fermentation is the conversion of pyruvate into ethanol and carbon 
dioxide; and heterolactic fermentation is the production of lactic acid as well as other acids 
and alcohols. The mainly products of energetic crops fermentation are bio-alcohol fuel – 
ethanol. 
Ethanol: as a substitute 
for gasoline is often 
created by harvesting 
an energetic crop and 
processing it for less 
money than it costs to 
pump oil and refine it 
into gasoline. Ethanol 
can be produced from a 
variety of feedstock, 
such as sugar cane, 
sugar beet, sorghum, 
switchgrass, barley, 
hemp, potatoes, sweet 
potatoes, cassava, 
sunflower, fruit, molasses, whey or skim milk, corn, corn cobs, grain, wheat, wood, paper, 
 
Fig.1. Scheme of anaerobic digestion and biogas conversion. 
Fig.2. The scheme of corn conversion process in ethanol. 
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straw, cotton, grain sorghum, barley, other biomass, as well many types of cellulose waste. 
One result of increased use of ethanol is increased demand for the feedstocks such as corn, 
sugarcane, or switchgrass. Large-scale production of agricultural alcohol for fuel may require 
substantial amounts of cultivable land with fertile soils and water. This may lead to 
environmental damage such as deforestation. In figure 2 is showed the corn conversion 
process in ethanol. 
Thermal conversion: in case of 
energetic crops mainly thermal 
conversion methods are 
gasification, pyrolisis and 
combustion process. The principle 
of thermal conversion methods is 
presented in figure 3. 
Pyrolysis is a process for thermal 
conversion of solid fuels in the 
complete absence of oxidizing agent 
(air/oxygen), or with such limited 
supply that gasification does not 
occur to any appreciable extent. It is 
potentially interesting as a 
substitute for fuel oil and as a 
feedstock for production of 
synthetic gasoline or diesel fuel. During pyrolysis, which takes place at temperatures in the 
range 400-800°C, most of the cellulose and hemicellulose and part of the lignin will 
disintegrate to form smaller and lighter molecules which are gases at the pyrolysis 
temperature. 
Gasification is the conversion by partial oxidation (i.e. more oxidizing agent than for 
pyrolysis but less than for complete combustion) at elevated temperature of a carbonaceous 
feedstock such as biomass into a gaseous energy carrier. Gasification requires temperatures of 
around 800°C or more to minimize the residues of tars and high hydrocarbons in the product 
gas. This gas, commonly called "producer gas", contains hydrogen (18–20%), carbon 
monoxide (18–20%), carbon dioxide (8-10%) , methane (2-3%), trace amounts of higher 
hydrocarbons such as ethane and ethene, water, nitrogen (if air is used as the oxidizing agent) 
and various contaminants such as small char particles, ash, tars and oils.  
Combustion: is the widest used method of thermal conversion, possible with low cost 
and high efficiency (60%-80%). This conversion method is used to convert embodied 
energy in dry biomass (moisture content less then 20%) mainly in thermal energy.  
Efficiency of energetic conversion process of energetic crops is about 50%-80% and 
this percent is variable and it depends of conversion methods, moisture contents and chemical 
composition. 
CONCLUSIONS 
 
The solution
 
for replacing the conventional fuels in the agricultural farms is renewable 
energy sources, mainly energetic crops. On the other hand the biomass can be obtained on a 
renewable basis with actual improvement of the land. The biomass production can be a source 
of energy and a source of revenues for land improvement. 
Romania is a country with high potential of energetic crops, mainly cereals, sugar beet, 
corn for silage, short rotation trees like willow and poplar.  
 
Fig.3. The principle of thermal conversion methods   
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The main conversion methods of energetic crops in our country are: biological 
conversion – anaerobic digestion and fermentation and thermal conversion – direct 
combustion, gasification and pyrolysis. The energetic content, moisture content and chemical 
composition involve the conversion methods. 
Efficiency of energetic conversion process of energetic crops in our country is about 
50%-80% and this percent is variable and it depends of conversion methods, moisture 
contents and chemical composition. 
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